Abstract-In order to improve the level of business decision-making and promote the development of Chinese patent medicine companies, this paper selects 8 indicators in the financial statements of 23 related listed companies in China A stock market in 2016 as examples. By constructing the Chinese patent medicine performance efficiency index system, our research chooses to use DEA model to estimate the comprehensive technical efficiency, pure technical efficiency, scale efficiency and scale efficiency characteristics. The results show that the overall efficiency of Chinese patent medicine listed companies is at a medium high level and the input-output ratio is generally higher. However, most companies have different degrees of DEA ineffective which have relatively stable scale efficiency and poor pure technical efficiency. We report here that the corporate managers should optimize the allocation of enterprise resources and increase investment in R&D and innovation to promote the improvement of corporate economies of scale and profit growth on the basis of maintaining the current level of fiscal management.
I. INTRODUCTION
With the development of Chinese patent medicine in recent years, the country attaches significant importance to formulate Chinese medicine industrial development plan which makes an unprecedented opportunity for Chinese patent medicine companies. Chinese patent medicine listed companies represent the essential components of Chinese patent medicine industry which have already made a great achievement in capital market. With the implementation of the "13th Five-year plan" for the development of Chinese medicine and the "Chinese Medicine Law of the People's Republic of China", higher development requirements are raised to promote the transformation and upgrading of the Chinese medicine industry [1] . For the related companies, especially Chinese patent medicine listed companies, will face new development opportunities and market challenges [2] .
Under this background, through performance analysis, with the study of the basic business capabilities and operating efficiency of Chinese patent medicine listed companies, it is necessary to analyze their potential problems in management and operations, which will help them to optimize the allocation of their own resources and promote business quality and efficiency.
Selecting 8 indicators in the financial statements of 23
Chinese patent medicine listed companies in China A stock market in 2016 as example, this paper constructs a Chinese medicine performance efficiency index system and choose BCC (R. D. Banker &A. Charnes & W. W. Cooper) model based on DEA method to study the efficiency of Chinese medicine listed companies. To ensure the rationality and comprehensiveness of the indicators selection, it is essential to make it double for the quantity of DMUs from the number of input-output indicators. So, there are 4 input and output indicators have been chosen for the number of DMUs in this study is 23.
According to the relative efficiency study about selecting input and output indicators from DMU (Decision Making Unit) in DEA model, the comprehensive technical efficiency, pure technical efficiency, scale efficiency and scale efficiency characteristics of 23 Chinese patent medicine companies are calculated. And the operating efficiency of each Chinese patent medicine listed company can be evaluated with the relaxation variables which are calculated from input and output indicators in BBC model.
II. MODEL SETTING
Data Envelopment Analysis (DEA) is a non-parametric system analysis method that uses a mathematical programming model to evaluate the relative efficiency of DMUs of the same type with multiple inputs and outputs indicators at the same time. It is mainly used to measure the output-to-input ratio of a business or industry at present. With the development of DEA model, there are more and more analysis models put forward by scholars, such as CCR (A. Charnes & W. W. Cooper & E. Rhodes) model and BCC model [3] . Considering that CCR model can't respond to the scale validity, this paper intends to use CCR model and BCC model in the DEA method to evaluate the performance of the Chinese patent medicine listed companies, and the model is defined as follows:
If there are m Chinese patent medicine listed companies (DMUs) to be analyzed, denoted by , 1≤ ≤ . Each DMUs has x inputs, then inputs are
According to the m inputs, each input indicator corresponds to the y output indicator, and the output y is:
In order to avoid cone conditions in the setting process, the scale of income doesn't change, we need to add a convex assumption:
Considering the operating performance of 23 DMUs as a constraint, this paper takes the operating performance of 0 as an analysis target. By introducing the dual programming model corresponding to the evaluation object, the values of the relaxation variables + and remaining variables − are obtained to judge its room for improvement. Here come the following equality constraints:
. 
In this formula, * represents pure technical efficiency evaluation results and others such as min, s.t, ε , , , + , − , represent the same contents in CCR model.
III. DEA COMPREHENSIVE TECHNICAL EFFICIENCY CALCULATION
This paper mainly uses data from the 2016 publicly reported performance reports of the 23 Chinese patent medicine listed companies, which is collected from the website of the Cninf, a website designated by China Securities Regulatory Commission. The calculation of input and output efficiency by using CCR and BCC model in DEA method, we need to firstly determine the input variables and output variables. The input variables are the fixed asset rate, the total asset rate, the current asset turnover rate and the inventory turnover rate. And the output variables are the net assets per share, the operating profit margin, the operating net profit and the asset profit rate, which are represent the profitability and the market influence in the business process of the DMUs. Other variables such as the fixed asset rate and the total asset rate represent the overall strength and development ability of the DMUs and the current asset turnover rate and the inventory turnover rate represent the continuous turnover input capacity of the DMUs. Input and output variables and factors are shown in Table 1.   TABLE I DATE VARIABLES
Input variables Output variables
the fixed asset rate the net assets per share the total asset rate the operating profit margin the current asset turnover rate the operating net profit the inventory turnover rate the asset profit rate
Using the software Deap 2.1 to calculate the comprehensive technical efficiency, pure technical efficiency, scale efficiency and scale efficiency characteristics of the 23
Chinese patent medicine listed companies, the results are shown in Table 2 . With the further study from table 2, we can divide the comprehensive technical efficiency into four stages, namely, effective in DEA (EID), slightly ineffective in DEA (SID), moderately ineffective in DEA (MIID) and severely ineffective in DEA (SIID). According to this method, it is obviously that there are 6 companies belong to the SID (value of comprehensive technical efficiency between 0.8 and 1), 4 companies belong to the MIID (value of comprehensive technical efficiency between 0.6 and 0.8) and 7 companies belong to the SIID.
According to the value of pure technical efficiency in table 2, there are four companies which have got the pure technical efficiency is effective and the value is 1 except the other 6 comprehensive technical efficiency effectively companies. It shows that these companies have already got the technological capabilities to adapt to their own development in terms of drug R&D, management innovation and resource allocation. So, it's time to maintain this advantage in their future development and gradually increase their scale efficiency. In other 13 companies, there are 4 DMUs in SID level, 2 DMUs in MIID level and 7 DMUs in SIID level. From the overall situation about the pure technical efficiency of 13 DMUs, pure technical efficiency is the key factor affecting the competitiveness of Chinese patent medicine listed companies [4] . At present, there are still much lack of an atmosphere of enterprise technology innovation and management innovation compatible with the development of Chinese medicine.
Consistent with the type classification of scale efficiency in DEA model, the stage of constant efficiency in scale is the stage when the input and output of the company reaches an optimal state. In the process of increasing scale efficiency, increasing input can significantly upsurge the efficiency of enterprises and raise the level of comprehensive technical efficiency [5] . But in enterprises with diminishing economies of scale, increasing input will not only increase the efficiency of the company, but also reduce the revenue of the company.
Through the analysis of the scale efficiency of 23 Chinese patent medicine listed companies, there are 6 companies have the same scale efficiency, accounting for 26.09% of the total. With the 12 companies in the stage of increasing scale efficiency, accounting for 52.14% of the total and the 5 companies in the stage of diminishing scale efficiency accounts for 21.71% of the total. We can find that firms with constant economies of scale should maintain their resource allocation status. Moreover, these companies should ensure their possibility of overcapacity is reduced and increase their input based on their pure technical efficiency or scale efficiency deficiencies to promote their output capacity. And the reasons for the decline in the scale efficiency of enterprises are complex, such as the inefficiency of the diversification of businesses and the waste of resources [6] , the change of operating capacity caused by major asset acquisitions or transfers during the year and the changes in the management of the company.
Therefore, in the face of diminishing efficiency of scale, we can't only proceed from the perspective of reducing input. We must also optimize internal resource allocation, control cash flow stability in business operations and adapt management methods to the development of enterprises to advance operational efficiency at the same time [7] . individually represent slack variable value of the operating net profit rate, asset profit rate, operating profit ratio and the net asset per share in the output indicator.
IV. INEFFECTIVE TECHNICAL EFFICIENCY DMUS ANALYSIS
As can be seen from the Table 3 , there are 13 DMUs plagued with redundant in-put and insufficient out need to make an adjustment. Among them, the inventory turnover of investment, the operating net margin of output and the operating margin of output have significant variations. It shows that 23 Chinese patent medicine listed companies generally have the ability to over-guarantee short-term solvency, resulting in excessive cash flow investment and a drop-in utilization rates. At the same time, the profitability of the finished pharmaceutical products is relatively small and the profit per unit product is lower. Consequently, Chinese patent medicine listed companies should increase the use of cash flow in their operations, increase the use of drug R&D funds and ensure innovation ability. At the same time, Chinese patent medicine companies should make full use of the historical opportunity of the country to vigorously develop traditional Chinese medicine, promote its production transformation and upgrade [8] . They should actively expand sales channels and rationally allocate market competition input resources, which can improve their drug quality and social influence. To increase the demand and influence of the consumer market, these companies should increase their business profit with the increase in the demand for drugs from consumers [9] . With the problem of low operating efficiency caused by input redundancy alleviated, the companies should enhance input-output ratios and promote technological efficiency to reach scale efficiency and technical efficiency effective in DEA.
V. CONCLUSION AND RECOMMENDATION
In this paper, CCR model and BCC model of DEA method are used to study the efficiency of Chinese patent medicine listed companies by using panel date of 23 related listed companies whose core business is proprietary Chinese patent medicines related businesses in 2016. This paper selects the 8 indicators like the fixed asset rate, the total asset rate, the current asset turnover rate and the inventory turnover rate as input variables and the net assets per share, the operating profit margin, the operating net profit and the asset profit rate as output variables. This paper chooses CCR model and BCC model in DEA method to calculate the comprehensive efficiency, pure technical efficiency, scale efficiency and analysis the improvement of ineffective technical efficiency DMUs.
The calculation results show that, as the data from 23 Chinese patent listed companies in 2016, the comprehensive technical efficiency of most DMUs in this study have already reached a relatively high level of their own company during years of their operation. But they are still in a weak position in terms of drug research and development, technological innovation, etc., which let them can't have high technical efficiency. The results of the pure technical efficiency of this DMUs show that most of Chinese patent medicine listed companies have already made a good balance between input and output. But the level of management resource administration still become a potential problem in some companies, which will let the companies trapped in the passive position of market competition and decrease the average value of production efficiency in this industry. Seen from the scale efficiency of this DMUs, there are 6 companies have the same scale efficiency, accounting for 26.09% of the total. With the 12 companies in the stage of increasing scale efficiency, accounting for 52.14% of the total and the 5 companies in the stage of diminishing scale efficiency accounts for 21.71% of the total.
Based on the empirical results, we propose the following suggestion to increase the operation efficiency in Chinese patent medicine listed companies:
Firstly, company managers should maintain a flexible financial performance and rationally allocate firms resources. Chinese patent medicine listed companies should pay attention to their fiscal management. They should improve the economic management efficiency by optimizing financial structure and institution to reduce debt level to advance their monetary management personnel. At the same time, flexible and moderately fiscal management strategies should be adopted, and timely adjustments are made according to changes in external markets to allocate enterprise resources. With the financial control mechanism strengthened, these companies will advance their operating performance and strive to achieve an asset operating management level above the industry average.
Secondly, Chinese patent medicine listed companies should carry out cost forecasting and formulate scientific input and output indicators. They should establish their own input-output performance evaluation system with "cost reduction and efficiency increase" as the core, to reconstruct business and production processes. Moreover, these firms should strengthen price management and tenderly review in the procurement of raw materials to control procurement costs. Under the premise of enterprise layout, drug production and market demand, they should scientifically advance judgments and make reasonable choices to organize the procurement of raw materials and start the production. At the same time, in the evaluation of input and output indicators, not only must the implementation of financial indicators be detailed, but also the impact of nonfinancial indicators such as customer evaluation, quality control, and operations on corporate performance should be emphasized. Particularly, Chinese patent medicine listed companies should do a decent job of information disclosure so that the company's target management can truly serve its strategy.
Thirdly, enterprises should actively carry out corporate mergers and acquisitions, correct their merger motives and focus on improving scale efficiency. While focusing on the performance of the core business, company managers need to find new business growth engines to obtain continuous improvement in their market competitiveness and capital preservation capabilities. For example, through the platform of the capital market, such as mergers and acquisitions, these companies will absorb some resources like production ability, technology and knowledge in the industry to expand the scale of their companies. At the same time, these enterprises should actively explore the expansion of the major business to the upstream and downstream of the industrial chain, relying on the company's advantageous resources to drive peripheral businesses. These measures will benefit them to generate economies of scale and further improve the company's business concentration and operational efficiency.
Finally, these companies should improve the drug research and development personnel training system and enhance independent innovation. They should pay attention to the cultivation of drug R&D personnel, take the road of independent research and development, and strive to cultivate high-performance drug R&D teams with corporate characteristics and market sensitivity. On the one hand, companies should strengthen communication with scientific research institutions and institutions of higher learning to establish a personnel training and exchange mechanism. On the other hand, managers should make full use of policy resources to improve the scientific research environment, upgrade the level of hardware and software supporting facilities, support the construction of R&D protection platforms and promote the flow of drug R&D personnel within the industry. And they should improve the independent innovation level and sustainable development capability of the enterprise by clarifying the R&D route, enhance the team's R&D effectiveness and establish their incentive mechanisms to ultimately promote the pure technical efficiency.
